within the heather-dominated moorland and acidic grassland habitats was low (< 0.1 individuals/km) 120 in all years. Instead, lagomorphs were largely confined to the enclosed fields on the moorland 121 periphery, where other alternative prey of Buzzards are also likely to be most abundant (Tubbs 1974, 122 Redpath & Thirgood 1997, Thirgood et al. 2003) . 123
Field Vole abundance was assessed annually in March/April from 50 unbaited snap traps set 124 over two nights at 10 locations across the study area, i.e. 1000 trap nights per annum (Redpath et al. for more details of survey methods). Distance sampling corrections were applied to grouse data to 141 correct for detectability differences between individual dogs and observers. The perpendicular 142 distance from the transect line to the point at which each single grouse or group of grouse were 143 flushed was recorded, and subsequently an effective strip width using a detectability curve was 144 calculated using the program DISTANCE (Thomas & Buckland 2010) . Mean densities (grouse/km 2 ) 145 were then calculated for each block or transect using: 146
Annual variation in pre-and post-breeding grouse densities were assessed by comparing the annual 150 mean densities from the ten blocks and 18 transects (n = 28), again with a two-way ANOVA with 151 year and transect as factors. 152
Lagomorphs were counted on twelve 1-km transects in the enclosed fields on the moorland 153 periphery, which were walked between 05:00 and 09:00 in June 2012 and June 2013. Rabbits 154 comprised 94% of all lagomorphs seen, and so the number of rabbits seen per km of transect was used 155 as the annual index. Between-year variation in rabbit abundance was tested with a paired t-test. 156
157

Buzzard responses 158
Demographic numerical response 159
To assess the demographic numerical response, Buzzard nests were located within the study area both Vole abundance data were available for all observed blocks within the period that foraging patterns 194
were assessed, whilst grouse were counted on ten observation blocks only because the remaining two 195 blocks contained little or no heather. For the purposes of analyses, we assumed that grouse were 196 absent from these two blocks, which was supported by no grouse being observed during general 197 breeding bird surveys. There were no differences in results from models that either included or 198 excluded these two blocks, so here we include them. Camera image data were collected from each of 32 nests for at least three days during each of three 221 post-hatching periods: < one week, one to four weeks and > four weeks within a mean nestling period 222 of 50 days (± 0.74 se). Overall, 2,320 hours of footage were collected (mean hours per nest 80 ± 15), 223 yielding 1,005 prey deliveries (mean per nest 31 ± 3). Of these, prey in 136 deliveries (14%) were 224 obscured and could not be identified, and were excluded. Prey remains and regurgitated pellets were 225 collected from inside, and within a 50-m radius of, 46 of the 58 nests. The remaining 12 nests either 226 failed to hatch chicks or were discovered too late in the nestling period to yield samples. Searches 227 were conducted at the end of each camera recording period when batteries and memory cards were 228 replaced, and again during the first week post-fledging, yielding 664 prey remains (14 ± 1 per nest) 229
and 295 pellets (6 ± 1 per nest). Analysis of pellets yielded 655 prey items. Prey were identified to the 230 lowest possible taxonomic level, and were assumed to represent one individual, unless it was obvious 231 that more than one was present (Redpath et al. 2001 ). Equipment and detailed methods for collection 232 of prey composition data are described in Francksen et al. (2016) . All diet data were expressed as the 233 proportion of prey items in each prey group. 234
Annual diet breadth (range of prey selected by Buzzards) was calculated for each diet 235 assessment method and nest following Levins (1968), whereby: 236
where pj is the proportion of total frequency of prey group j. Annual variation in diet breadth was 238 explored using a two-way ANOVA with year and territory specified as factors, the latter to recognise 239 that some nests within the same territories were sampled in multiple years. 240
To estimate the local grouse density around each Buzzard nest for comparisons with diet, we 241 used post-breeding grouse counts (July) as they coincided more closely with when Buzzards 242 provisioned chicks (early-May to late-July) than did spring counts (March/early-April). Grouse 243 densities from the ten blocks and 18 transects were plotted onto a map of the study area. The 18 244 transects were divided into 34 sections of approximately 1 km length. Grouse density at the centre 245 point of each transect section was used in kriging analysis in ArcMap (version 10.3) to estimate Red 246
Grouse density contours across the study area in each year. The LMDP area is surrounded by mature 247 commercial conifer forest and improved farmland, which are unsuitable for Red Grouse, hence 248 interpolation of grouse density was limited to this area containing suitable grouse habitat, producing a 249 raster map with a 500-m cell size of grouse density, onto which Buzzard nest locations were then 250 plotted. A circle of 1-km radius around each nest represented an approximate average summer 251 territory size (Graham et al. 1995), within which grouse density was estimated using the mean of the 252 estimated cell values from the underlying grouse density layer, weighted by the area of each cell 253 within the circle. 254
To determine whether the proportion of grouse in Buzzard diet varied between years (2011-255 2013) and in relation to grouse density, we constructed GLMMs with binomial distributions and logit-256 link functions. The response variable was grouse as a proportion of total identified prey at each 257
Buzzard nest, or the proportion of pellets containing grouse in the case of pellet data. 'Year' was 258 included as a factor, 'local grouse density' as a covariate, and 'territory' as a random effect to account 259 for nests that were sampled within the same territory in successive years. An interaction term betweenyear and local grouse density was included to explore whether the consumption rate of grouse varied 261 between years. Separate models were constructed for each of the three diet assessment methods and 262 significance determined with Wald statistics. Again, we checked for overdispersion and adjusted 263 using an OLRE when necessary ( We found no demographic numerical response by Buzzards to fluctuations in prey abundance 275 (Table 2) . We detected no annual variations in either nearest neighbour distance (NND; F2,45 = 1.53, P 276 = 0.227), or breeding success (Kruskal-Wallis rank-sum tests: all breeding attempts: H = 1.12, df = 2, 277 P = 0.57; successful nests only: H = 0.16, df = 2, P = 0.92). 
Functional response of Buzzards 295
As vole indices declined from 2011 to 2013, the proportion of voles provisioned to Buzzard chicks 296 also declined (52 -20% in cameras; 16 -1% in remains; 51 -31% in pellets; Table 5 ). Instead, 297
Buzzards provisioned more 'other small mammals' (moles, shrews and mice), 'other large birds' 298 (corvids, waders and pigeons) and lagomorphs. Diet breadth differed between years for camera 299 images (F2,9 = 5.75, P = 0.025) and pellets (F2,15 = 6.58, P = 0.009), being greatest in 2013 when voles 300 crashed, and although not significant, followed the same pattern when considering prey remains (F2, 15 301 = 0.82, P = 0.460; Table 6 ). 302
The proportion of grouse in Buzzard diet declined across years when considering prey 303 remains (χ 
314
The impact of predation on prey populations largely depends on the numerical and functional 315 responses of predators (Solomon 1949 , Holling 1959a , b, 1965 . In this study, we documented the 316 demographic and aggregative numerical and functional responses of Common Buzzards, the most 317 numerous avian predator on our study area. Our results showed that when vole abundance was 318 reduced, Buzzard hunting intensity declined across our study area, and breeding Buzzards selected 319 more prey typical of the enclosed farmland habitats on the moorland periphery, which appeared to 320 result in a reduction in incidental predation on Red Grouse. 321
Predation rates on incidental prey largely depend on the spatial distribution of prey. Buzzard nests at which camera data recorded no grouse delivered. Therefore, whilst we cannot be 356 certain that our findings have not been affected by some of these inherent biases, a change in Buzzard 357 diet was apparent across all methods whereby a greater proportion of total diet consisted of prey 358 associated with farmland habitats found on the moorland fringe. 359
On our study area, Hen Harriers Circus cyanaeus have shown a demographic numerical 360 response of elevated breeding density in response to small mammal and passerine abundances, and 361 were predicted to have more impact on grouse when these main prey abundances were high (Redpath 362 & Thirgood 1999). However, we found no evidence of a demographic numerical response by 363
Buzzards to vole abundance, symptomatic of the generalist nature of Buzzards that are able to switch 364 to alternative prey to offset reductions in preferred prey, so that breeding performance is not affected 365 grouse densities available to us on our study area. Indeed, a type 2 response was a worse fit for our 382 data than a type 1 response, but only marginally so. This may indicate that Buzzard predation rates on 383
Red Grouse would plateau at higher grouse densities. However, without measuring predation rates 384 over the range of densities that grouse may reach on other moors, density-dependent processes may 385 Table 6 . Average diet breadth (Levins' Index ± se) calculated from prey at Buzzard nests in each of 609 three years using three methods of assessment; camera images n = 32 nests; prey remains n = 46; 610 pellets n = 46). Significant variation between years highlighted in bold (see text). 
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